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I*.  AVITPIACT 


A  support  structure  for  a  propsed  guided  missile  electronic  fuze 
was  designed  with  the  aid  of  the  NASA  Structural  Analysis  (NASTRAN) 
finite  element  structural  analysis  program.  Two  differently  mounted 
mock-up  fuze  models  were  fabricated  and  tested  under  a  sinusoidal  2-g 
load  applied  in  the  transverse,  as  well  as  the  axial,  direction. 

Good  correlation  was  obtained  between  the  values  of  natural  frequency 
measured  experimentally  and  those  obtained  from  the  digital  computer 
program. 
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ABSTRACT 

A  support  structure  for  a  proposed  guided  missile  electronic 
fuze  was  designed  with  the  aid  of  the  NASA  Structural  Analysis 
(NASTRAN)  finite  element  structural  analysis  program.  Two  dif¬ 
ferently  mounted  mock-up  fuze  models  were  fabricated  and  tested 
under  a  sinusoidal  2-g  load  applied  in  the  transverse,  as  well 
as  the  axial,  direction.  Good  correlation  was  obtained  between 
the  values  of  natural  frequency  measured  experimentally  and  those 
obtained  from  the  digital  computer  program. 
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1 .  INTRODUCTION 


A  design  study  was  made  of  a  guided  missile  electronic  fuze 
support  structure.  The  structure  was  required  to  carry  the  loads 
developed  during  all  missile  environments  and  to  have  its  lowest 
natural  frequency  as  high  as  possible. 

This  natural  frequency  was  intended  to  be  high  enough  to  in¬ 
sure  that  driving  forces  at  this  frequency  would  not  be  encoun¬ 
tered  during  the  life  of  the  missile.  On  the  other  hand,  if  the 
natural  frequency  and  internal  damping  were  high  enough,  even  though 
the  driving  forces  were  at  frequencies  near  the  structure's  natural 
frequency,  the  transmissibility  would  be  low  enough  to  prevent 
the  occurrence  of  large  displacements. 

The  basic  geometry  of  the  fuze  housing  was  initially  assumed 
to  be  a  rectangular  box,  5  x  5  x  6  in.  The  total  weight  of  the 
fuze  and  supporting  structure  was  10  lb,  with  3  lb  being  allot¬ 
ted  for  the  structure  itself. 

There  were  two  phases  of  the  design  study.  Phase  one  was 
a  computer-aided  analytical  study  of  proposed  configurations  that 
utilized  the  NASA  Structural  Analysis  (NASTRAN)  digital  computer 
program  for  finite  element  analysis  of  structures.  Phase  two  was 
an  experimental  study  of  two  structures  tested  to  obtain  results 
for  comparison  with  the  values  obtained  from  phase  one. 

When  the  study  began,  the  orientation  of  the  rectangular  fuze 
bcx  with  respect  to  the  missile  launch  axis  had  not  been  deter¬ 
mined,  nor  had  it  been  decided  whether  the  fuze  would  be  attached 
to  the  fore  or  aft  side  of  the  13-in.  inner  diameter  bolting  ring; 
the  bolt J »ig  ring  was  already  part  of  the  missile  structure.  A 
more  desirable  strut  span  was  possible  by  the  aft  mounting 
than  by  the  fore  mounting  procedure. 

For  these  reasons  two  different  orientations  ar.d  two  differ¬ 
ent  mounting  adapters  were  studied.  In  particular,  analyses  were 
undertaken  assuming  box  orientations  with  both  the  five-  and 
six-in.  dimension  in  the  direction  of  the  missile  axis. 

Experimentally,  two  different  types  of  mounting  pads  were 
investigated:  one  for  forward  mounting  of  the  fuze,  and  the  other 
for  aft  mounting.  The  letters  A  and  F  are  used  to  designate  aft 
and  fore  mounting,  respectively.  The  numbers  1  and  3  are  used 
to  designate  the  six-in.  (fig.  1  and  2)  and  the  five-in.  dimension 
oriented  in  the  direction  of  the  missile  axis,  respectively. 


2.  COMPUTER-AIDED  DESIGN 

The  NASTRAN  computer  program  for  finite  element  analysis  of 
structures  was  utilized  to  design  the  fuze  support  structure.  NASTRAN 
is  a  finite  element  computer  program  for  structural  analysis  of 
almost  every  kind  of  structure  and  type  of  construction.  Structural 
elements  are  provided  for  speci' '.c  representation  of  the  more  common 
types  of  construction,  including  rods,  beams,  shear  panels,  plates, 
and  shells  of  revolution.  Composite  types  of  construction,  such 
as  the  fuze  structure  analyzed  in  this  report,  are  treated  by  combina¬ 
tions  of  these  elements  or  by  the  use  of  "general"  elements  tailored 
to  a  specific  requirement.  Two  of  the  formats  available  with  the 
program,  the  static  analysir  format  (Format  1)  and  the  normal  mode 
analysis  (Format  3),  were  u:.d  in  the  design  process. 
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The  static  format  was  used  to  determine  the  stress  level  in 
the  structure  due  to  an  equivalent  50-g  launch  load,  and  the  nor¬ 
mal  mode  analysis  was  used  to  determine  the  mode  shapes  and  na¬ 
tural  frequencies  of  the  fuze  support. 

Figure  1  shows  the  aft-mounted  model  (A-l)  that  was  studied 
experimentally.  The  box  portion  of  the  fuze  was  connected  to  four 
pads,  which  bolt  to  the  mounting  ring  in  the  missile,  by  four  struts 
whose  cross  section  was  an  I-beam,  and  by  four  shorter  legs  of 
similar  c“ >ss  section  {fig.  3,  5,  and  6).  The  various  fuze  components 
were  arranged  in  a  predetermined  fashion  inside  the  box,  and 
6-lb/ft3  polyurethane  foam  was  used  to  encapsulate  these  in  place. 
Figure  7  shows  one  quarter  of  the  mathematical  model  used  in  the 
NASTRAN  program  for  the  aft-mounted  support  structure.  It  was 
necessary  to  use  only  one  quarter  of  the  structure  in  the  analytical 
investigation,  since  symmetry  about  two  perpendicular  planes  exists 
for  the  A-l  cane. 
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Figure  3.  Cross  section  of  legs  and 
struts  for  A-l  and  F-l  structural 
mock-up  models. 
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Figure  4.  Cross  section  of  legs  and 
struts  for  A- 3  mathematical  model. 
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Figure 


Aft-mounted  pad. 


Figure  6.  Fore-mounted  pad. 


In  figure  7,  one  and  two  digit  numbers  refer  to  grid  points. 
Numbers  101  through  148  identify  homogeneous  quadralateral  mem¬ 
brane  and  bending  elements,  201  through  207  identify  simple  beam 
elements,  and  301  through  309  identify  rod  elements.  The  quadralateral 
elements  are  capable  of  resisting  moments  and  forces  applied  in 
any  direction  with  the  exception  that  they  cannot  withstand  a 
moment  applied  about  an  axis  normal  to  the  large  faces  of  the  element. 
The  rod  elements  can  withstand  only  tension  or  compression  forces 
and  torsional  moments,  whereas  the  bar  elements  can  withstand  axial 
forces,  shear  in  two  directions,  as  well  as  bending  and  torsional 
moments . 

The  quadralateral  elements  were  used  to  represent  the  box 
walls  that  were  1/16-in.  thick  and  made  from  6061-T6  aluminum  alloy. 

The  bar  elements  were  used  to  represent  the  struts  and  the  legs 
and  were  taken  to  be  of  "I"  cross  section.  These  also  were  made 
of  6061-T6  aluminum.  The  mounting  pads  were  not  included  in  the 
mathematical  model,  but  their  effect  was  assumed  to  constrain  grid 
points  23  and  48  (the  ends  of  the  legs  and  struts)  to  such  an  ex¬ 
tent  that  no  displacements  or  rotations  were  permitted. 

The  rod  elements  represent  the  polyurethane  foam  and  were 
taken  to  be  oriented  only  in  the  Z-direction.  In  reality,  they 
should  be  oriented  in  all  directions,  but  there  was  no  convenient 
NASTRAN  element  to  represent  this  continuum  situation.  To  include 
other  rods  in  the  X  and  Y  directions  would  have  made  it  necessary 
to  have  a  large  number  of  additional  grid  points  and  would  have 
significantly  increased  the  computer  time  required.  The  total 
area  of  the  rods  equalled  the  area  of  the  top  face  of  the  box.  When 
viewing  the  computer  results  with  this  mathematical  model,  it  will  be 
necessary  to  remember  that  the  deflections  obt .  ‘ned  in  the  X  and 
Y  directions  will  be  larger  than  expected,  since  the  stiffness 
of  the  polyurethane  foam  in  these  directions  was  neglected. 

Typical  input  and  output  from  the  computer  is  shown  in  the 
appendix  for  normal  mode  analysis  format  and  for  the  model  shown 
in  figure  4. 

The  weight  cf  the  fuze  box  and  internal  support  structure 
was  approximately  1  lb,  leaving  6  lb  for  the  weight  of  the  simu¬ 
lated  fuze  components.  These  6  lb  were  distributed  in  the  mathematical 
model  as  follows :  The  top  and  bottom  of  the  can  were  each  assumed 
to  carry  1.5  lb,  and  each  of  the  four  sides  was  assumed  to  carry 
0.75  lb.  This  weight  was  distributed  uniformly  on  each  of  the 
areas  in  question  and  was  entered  into  the  computer  as  nonstructural 
mass.  This  particular  distribution  was  chosen  because  the  foam 
material  was  thought  to  be  capable  of  distributing  the  load  uniformly 
and  was  capable  of  transmitting  shear  loading  to  the  box  sides. 

The  center  of  giavity  of  the  simulated  fuze  components  was,  therefore, 
assumed  to  ] ie  at  the  geometric  center  of  the  box.  Three  different 
configurations  were  investigated  on  the  computer: 


1.  Model  A-l ;  the  aft-mounted  box  with  the  6-in. 
dimension  in  the  direction  of  the  missile  axis. 

2.  Model  F-l;  a  fore-mounted  support  structure  of 
the  same  orientation, 

3.  Model  A-3;  an  aft-mounted  model  with  a  5 -in. 
dimension  in  the  direction  of  the  missile  axis. 

The  grid-point  computer  input  for  the  three  models  is  given 
in  appendix  A. 
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Fiqure  7.  NASTRAIS  mathematical  model  for  A-l  model. 


For  models  A-l  and  F-i,  with  I-shaped  cross  sections  having 
the  dimensions  given  in  figure  3  (which  correspond  to  the  phys¬ 
ical  dimensions  of  the  experimental  models  tested) ,  the  results 
for  natural  frequency  given  in  tables  I  and  II  were  obtained.  The 
results  for  natural  frequency  for  model  A-3  are  given  in  table 
III.  For  model  A-3,  less  materia)  was  used  in  the  legs  and  struts 
since  they  did  not  need  to  be  as  long  as  in  A-l  and  F-i.  This 
material  savings  was  utilized  to  make  the  flanges  of  the  legs  and 
struts  twice  as  thick  as  the  A-l  and  F-l  models  (fiq.  •»)  . 
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TABLE  I.  Natural  Frequencies  Obtained  for  Model  A-l 


MODEr 

NASTRAN 

EXPERIMENTAL 

ONE 

(6) 

- 

630 

TWO 

(6,Z)  .  . 

722 

800 

THREE 

(e.z.A) 

902 

1000 

TABLE  II.  Natural  Frequencies  Obtained  for  Model  F-l 


MODES 

NASTRAN 

EXPERIMENTAL 

ONE 

(6) 

620 

TWO 

(6.Z) 

715 

890 

THREE 

(e.z.A) 

1070 

920 

TABLE  III.  Natural  Frequencies  Obtained  for  Model  A-3 
MODES  NASTRAN* 


ONE 

_(e) 

- 

TWO 

(6.Z) 

•  720 

THREE 

(e.z.A) 

1100 

♦Values  given  are  those  which  have  the  same  mode 
shapes  as  those  for  the  A-l  and  F-l  models . 


With  this  increased  cross  section,  the  results  obtained  for 
the  natural  frequencies  with  the  NASTRAN  program  are  given  in 
table  II .  It  should  be  noted  that  the  normalized  deflections  and 
rotations  of  all  grid  points,  as  well  as  plotted  mode  shapes,  among 
other  things,  were  obtained  as  output,  but  are  not  presented  in 
this  report.  An  example  of  the  output  for  A-l  is  contained  in 
appendix  B. 


3.  EXPERIMENTAL  STUDY 
3.1  Model  Description 


Two  models  were  constructed  to  check  the  values  of  the  natu¬ 
ral  frequencies  from  the  computer  for  the  fore-  (P-1)  and  aft-  (A-l) 
mounted  fuze  support  structures.  Figures  1  and  2  show  the  fore-  and 
aft-mounted  fuze  structural  models. 

The  fuze  box  itself  was  1/16-in. -thick  alodined  6061-T6  aluminum 
alloy  fabricated  by  bending  and  welding  flat  sheet  material. 

The  legs  and  struts  of  cross  section  given  in  figure  3  were 
welded  to  the  box;  to  these  were  welded  the  mounting  pads  shown 
in  figures  5  and  6. 
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Figure  9.  Structural  mock-up  of  fuze  components. 


After  cooling,  three  additional  accelerometers  were  placed 
on  the  outer  surface  of  the  fuze  package.  One  was  oriented  in 
the  negative  Z-direction,  physically  located  less  than  an  inch 
away  from  the  previously  mentioned  axial  accelerometer  located 
on  the  transmitter  block.  The  second  exterior  accelerometer  was 
placed  on  one  of  the  sides  of  the  fuze,  box  and  had  its  axis  in 
the  X-Y  plane  making  an  angle  of  45  deg  with  the  axis  of  the  in¬ 
terior  accelerometer  oriented  in  the  radial  direction.  The  fifth 
and  final  accelerometer  on  the  package  was  mounted  perpendicularly 
to  the  web  face  of  one  of  the  struts  (in  the  theta  direction)  and 
was  used  to  record  rotations  of  the  package  about  the  Z-axis  and/or 
movement  of  the  struts. 
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Figure  10.  Structural  fuze  model  shewing  dummy  component  arrange¬ 
ment,  center  of  gravity,  and  accelerometers . 


Every  effort  was  made  to  perform  identical  tests  on  both  A-i 
and  P-1  units  (figs.  1?  and  13).  The  single  exception  was  that 
the  exterior  accelerometers  on  A*  ">  were  Endevco  2200  series,  weigh¬ 
ing  1.2  oz.  each,  and  those  on  the  F-l  fuze  package  were  Wilcoxon 
series  102  accelerometers,  weighing  0.132  oz.  Table  IV  gives 
a  breakdown  for  the  two  units. 

TABLE  IV.  Fuze  Mock-up  Weight 

Box  and  Top  1.12  lb 

Simulated  Components  5.92  lb* 

Total,  A-l  10.12  lb 

Total,  F-l  10.16  lb 


*  includes  2  Endevco  accelerometers. 

Total  includes  accelerometers  and  welds. 


3.2  A-l  Model  Tests 

The  aft-mounted  model  was  tested  by  the  shock  and  vibration 
testing  group  at  HDL  on  a  servo-controlled  MB-C25  electrodynamic 
shaker  table  and  vibra-plane  (slip  table)  system. 
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SECT  A-A 


>3el  showing  dummy  component  arrangement 
and  accelerometers. 


Figure  12.  Fuze  structural  mockup  A-l  on  shaker  adapter  plate 


Figure  13.  Fuze  structural  mockup  F-l  on  shaker  adapter  plate. 
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Before  testing  the  fuze  package,  the  adapter  plate  was  at¬ 
tached  to  the  shaker  table  and  tests  conducted  in  both  axial  and 
transverse  direction  to  insure  that  the  shaker  system  had  no  signifi¬ 
cant  resonances  within  the  range  of  20-2000  Hz.  The  fuze  package  was 
then  attached  to  the  adapter  plate  as  shown  in  figure  12  and  sub¬ 
jected  to  sinusoidal  vibrations  in  the  2  and  X  directions  at  load 
levels  of  2  g  with  the  frequency  swept  logarithmically  from  20 
to  2000  and  back  to  20  Hz  in  13  minutes. 

Figures  14  and  15  show  the  fuze  structural  mock-up  being  tested 
in  the  axial  direction.  In  this  direction  three  runs  were  conducted 
at  a  2-g  load  level. 
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The  package  was  then  placed  on  the  slip  table  and  two  2-g 
vibration  tests  were  conducted  with  the  sinusoidal  force  being 
applied  in  the  X  direction  (fig.  16). 

Good  shaker  amplitude  control  was  achieved  in  the  first  2- 
g  run  in  the  axial  direction.  However,  normal  amplitude  tolerance 
(±10  percent)  was  exceeded  severalfold  over  two  narrow,  closely  spaced 
frequency  bands  in  all  other  tests.  These  data  were  therefore 
less  reliable. 

3.3  F-l  Model  Tests 


The  fore-mounted  model  was  tested  on  an  MB-C150  s..aker  and 
slip  table  system  by  General  Testing  Laboratories  (GTL)  at  their 
site  in  Hartwood,  Virginia. 

A  special  adapter  ring  was  required  to  simulate  the  forward 
mounting  condition.  A  drawing  of  the  package  attached  to  this 
ring  and  an  adapter  plate  is  shown  in  figure  13.  As  before,  axial 
ar.d  transverse  tests  were  conducted  on  the  adapter  ring,  adapter 
plate,  and  shaker  alone  to  determine  their  response  in  the  range 
of  frequencies  of  interest. 

The  package  was  then  bolted  to  the  adapter  ring  and  sinusoidal 
2-g  loads  were  applied  in  the  axial  (Z)  and  two  transverse  directions 
(X  and  45  deg  from  the  X  directions) .  Once  again  the  frequency 
range  from  20  to  2000  and  back  to  20  Hz  was  swept  in  13  minutes.  Shaker 
Shaker  control  throughout  the  entire  test  program  at  GTL  was  excellent , 
and  the  data  obtained  were  complete. 
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4 .  RESULTS 


f-  The  data  obtained  from  the  tests  are  presented  in  figures 

|  17  through  25,  where  amplification  (recorded  g- level  divided  by 

I  table  input  g-level)  versus  frequency  is  plotted  for  each  of  the 

|  five  accelerometer  locations  in  each  of  the  three  different  directions 

|  of  loading.  The  results  obtained  from  the  fore-  and  aft-mounted 

I  models  were  both  plotted  on  the  same  figure  for  direct  comparison. 

I  For  the  A-l  model  the  natural  frequencies  are  seen  to  occur 

|  at  630,  800,  1000,  and  1600  Hz.  The  resonance  at  630  Hz  was  observed 

§  only  as  a  rotation  about  the  Z-axis  with  no  other  accelerometer 

%  ;  showing  any  increase  in  ampll e* cation  at  this  frequency.  The 

I  800-Hz  mode  is  excited  only  under  transverse  loading  conditions 

|  with  the  1000-Hz  mode  being  present  in  the  data  obtained  from  both 

|  the  axial  and  transverse  vibrations.  The  1600-Hz  resonance  was 

|  evident  only  on  exterior-mounted  accelerometers  and  not  on  those 

|  that  were  placed  on  the  simulated  fuze  components.  For  the 

•  F-l  model,  the  natural  frequencies  occurred  near  620,  890,  920, 

|  and  1650  Hz.  Once  again,  the  620-Hz  value  was  due  to  a  rotation 
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only.  The  890-  and  1650-Hz  values  were  obtained  from  transverse 
excitations  only,  and  the  920-Hz  mode  was  the  only  mode  excited 
during  axial  vibration.  These  values  of  natural  frequencies  are 
summarized  in  table  V. 

TABLE  V.  Experimentally  Obtained  Natural  Frequencies  (Hz) 


A-l  630  800  1000  1600 

F-l  620  890  920  1650 
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Tables  I  and  II  show  that  it  was  possible  to  match  resonant 
frequencies  obtained  experimentally  with  a  frequency  and  mode 
shape  obtained  using  NASTRAN.  This  correspondence  was  not  com¬ 
plete,  however,  as  NASTRAN  produced  more  frequencies  in  the  range 
20-2000  Hz  than  were  found  in  the  vibration  experiment  (app.  B) . 

At  least  some  of  the  additional  natural  frequencies  obtained  by 
NASTRAN  can  be  discounted,  because  the  mode  shapes  indicated  movement 
in  places  that  would  not  have  been  detected  by  the  accelerometers 
used  in  the  experiments.  In  addition,  no  information  was  available 
from  the  normal  mode  analysis,  which  indicated  the  amplification 
factor  for  each  natural  frequency.  Thus,  the  possibility  exists 
that  some  of  the  frequencies  obtained  by  NASTRAN  were  of  too  smail 
an  order  to  be  detected  by  the  experimental  equipment.  Finally, 
an  improved  mathematical  NASTRAN  model  would  most  likely  eliminate 
some  of  those  frequencies  that  cannot  be  discounted  according  to 
the  reasoning  explained  above.  This  would  also  correct  the  failure 
of  the  NASTRAN  solutions  to  correspond  to  the  frequencies  detected 
by  the  accelerometer  mounted  on  one  of  the  struts. 


5.  CONCLUSIONS 

Figures  17  through  25,  which  are  discrete  point  plots  selected 
from  continuous  recorder  traces,  provide  the  basis  for  some  conclusions. 

Figures  17  and  22,  which  show  the  response  of  an  accelerometer 
attached  to  a  fuze  package  support  strut,  give  evidence  that  the 
lowest  natural  frequency  for  both  models  A-l  and  F-l  occurred 
at  about  630  Hz  in  a  rotational  mode  about  the  Z-axis.  This  mode 
was  excited  when  the  vibration  inputs  to  the  models  were  in  either 
axial  or  transverse  directions. 

The  next  natural  frequencies  of  large  amplification  occurred 
at  about  800  Hz  and  near  1000  Hz,  measured  on  the  box  surface. 

These  coincided  with  two  of  the  NASTRAN  modes  (Table  I) . 
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The  lowest  frequencies  excited  by  axial  vibration  were  900 
Hz  for  the  fore-mounted  model  and  820  Hz  for  the  aft-mounted  model, 
measured  inside  the  box  (fig.  19).  No  comparison  with  a  NASTRAN 
prediction  was  possible  since  the  mathematical  model  did  not  in¬ 
clude  internal  grid  points. 
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Eigure  16.  Vibration  test  setup  for  transverse  exitation  of  A-l  fuze  mockup. 


6.  RECOMMENDATIONS 

The  proposed  fuze  structure  design  study  should  be  continued 
in  the  following  ways: 

First,  since  a  better  picture  now  exists  cf  the  actual  fuze 
size,  geometry,  and  orientation,  this  information  should  be  used 
as  input  to  the  NASTRAN  program.  This  input  should  utilize  the 
previously  mentioned  formats.  The  structure  should  then  be  exam¬ 
ined  under  sinusoidal  loading  at  or  near  predicted  natural  frequen¬ 
cies  to  determine  damage  potential  of  resonant  loading. 
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6.  RECOMMENDATIONS 

•  *.uTh?  ?f°P?sed  fuze  structure  design  study  should  be  continued 
in  the  following  ways : 

First,  since  a  better  picture  now  exists  of  the  actual  fuze 
size,  geometry,  and  orientation,  this  information  should  be  used 
as  input  to  theNASTRAN  program.  This  input  should  utilize  the 
previously  mentioned  formats.  The  structure  should  then  be  exam¬ 
ined  under  sinusoidal  loading  at  or  near  predicted  natural  frequen¬ 
cies  to  determine  damage  potential  of  resonant  loading. 


An  improved  mathematical  model  should  be  employed  that  util¬ 
izes  more  grid  points  and  more  realistically  represents  the  poly¬ 
urethane  foam  in  the  X  and  Y  directions.  (Such  a  model  is  in 
progress  and  will  be  reported  in  Part  II  of  this  study.) 

It  appears  that  the  lowest  resonant  mode  obtained  for  the 
proposed  fuze  structure  was  sufficiently  high  for  component  survival. 
The  second  natural  frequency,  which  was  excited  by  transverse 
vibration  (800  Hz  for  A-l  and  890  Hz  for  F-l) ,  was  of  a  more  serious 
nature.  Therefore,  some  consideration  might  be  given  to  increase 
these  frequencies  as  well  as  those  that  occurred  in  the  axial  mode 
of  vibration.  The  lowest  natural  frequency  of  the  axial  mode  can 
be  raised  by  increasing  the  moments  of  inertia  of  the  legs  and 
struts;  this  can  be  done  within  specified  weight  limitations. 

This  weight  addition,  however,  also  adds  to  the  supported  weight, 
and  there  are  indications  (from  other  NASTRAN  runs  performed  but 
not  reported  here)  that  this  tends  to  lower  slightly  the  natural 
frequencies  excited  by  transverse  vibration.  The  suggestion,  there¬ 
fore  is  that  the  NASTRAN  program  be  utilized  to  its  full  potential, 
and  such  things  as  tapered,  laminated,  and  unsymmetrical  beam  sections 
be  investigated,  if  these  natural  frequencies  are  to  be  increased. 

The  assumption  was  made  that  the  mounting  pads  gave  absolute 
fixity  to  the  ends  of  the  legs  and  struts.  This,  in  reality, 
is  not  true,  because  the  ring  on  which  these  pads  are  mounted 
moves  due  to  elasticity  of  the  missile  itself.  It  is  recommended 
that  by  the  use  of  scalar  points  and  connecting  linear  springs, 
the  NASTPAN  program  be  used  to  determine  the  natural  frequencies 
as  a  function  of  missile  elasticity. 

Finally,  it  was  noted  that  there  was  a  small  decrease  in 
the  natural  frequencies  when  the  original  dip-brazed  structure 
was  welded.  If  possible,  a  mock-up  of  the  proper  size,  orientation, 
and  mounting  pad  type,  manufactured  by  a  casting  process  should 
be  tested  and  compared  with  NASTRAN  results  obtained  for  a  similar 
welded  structure. 
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Figure  17.  Response  of  models  A-l  ar.d  F-l  to  2-g  sinusoidal  input. 


Figure  18.  Response  of  models  A-l  and  F-l  to  2-g  sinusoidal  input. 
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Figure  19.  Response  cf  models  A-l  and  F-l  to  2-g  sinusoidal  input. 


Figure  20.  Response  of  models  A-l  and  F-l  to  2-g  sinusoidal  input 
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Figure  25.  Response  of  Models  A-l  and  F-l  to  2-g  sinusoidal  input 


OO 


APPENDIX  A.  INPUT  DATA  TO  NASTRAN  FOR  FUZE  MODEL  A-l 
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